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Main flux, Weber 
Max. flux density, Web./ m 1 
Current density, A I >n : ' 
Gross core area., m 2 
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Window area, m 2 

Distance between core centers, m 2 
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Window space factor 
Frequency, H z 
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Current in primary, A 
Current in secondary, A 
Primary terminal voltage, V 
Secondary terminal voltage. V 
area of conductors of primary, m 2 
Area of conductors of secondary, m 2 
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Output Equation 

(i) Single Phase Transformer 
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(ii) 3-Phase Transformer 
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Example]: , 

Calculate the core and window area required for a 
1000 KVA, 6600/400 V, 50 Hz, ' single-phase core type 
transformer. Assume a maximum flux density of 1,25 web,/m 2 
and a current density of 2.5 A/mm 2 , Voltage per turn - 30 V, 
and window space factor = 0.32 

Solution 

A i A* ~~- '■ J> 50Hz ._- £ . - 3QP 

Q^IOOOKVA B m =\,25T K w -0.32 

V, 



V, 



6600/ 400 V 



S = 2.5 A I 



mm 



0=2.22/ B„,SK A ^.xlO" 3 

1000 = 2.22x50x1. 25 x (2.5 xi0 6 )x 0.32 xA w A, xiO" 
From which ; 
A W A, =0.009 

r ioQOxio 3 p iC1 g , 

* n = 15i..5-4 

p 6600 v 

^^6600 = 22Qr _ 
^ t £, 30 

/£X = /,:T =151.5x220 = 33333.4 7 
J^ A S 

AT — ww 
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,33333 = 



0.32x^ w x(2.5xl0 6 ) 



:.A W = 0.0833m % A t = 



0.009 
0.0833 



= 0.108 m-' 
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=4.44^— xliT 3 
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AjS^aIIj ^J=aj ia.1 j 4-a.j! aj^JI 
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Single -phase Shell -type 


1-1.2 


Single - phase core-type 


0.75-0.85 


3- phase Shell-type 


1.3 


3-ph.core type (distribution) 


0.45 
0.6-0.7 


3-ph.core type (power) 



Example 2 

The ratio ofjflux to full-load m.m.fjin a 400 K.V.A, 50 Hz, single 
-phase core type power transformer is 2,4xl0'" 6 . Calculate the 
net iron area and the window area of the transformer. Maximum 
flux density in the core is 1.3 Web./m 2 , current density 2/7 
A/mm 2 and window space factor =0.26. Also calculate the full 
load rn.ni.f. 



Solution 
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4* 4.44/*, 



rxI0 J 



wj^ve 



4.44/ 



s ^4.44/ x/-xl0 3 v^ 
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^4.44/ 



x r x 1 u 



r=(— «-) 
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£ - ^4.44/ (oT~/^ J ) x 10 3 



-0.73 



V4.44x50x2.4*10~ 6 xl0 3 
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Afv 



Voltage per turn E t =K^Q= 0.73^400 = 14.6 V 



.Flux 4> . =- 



14.6 



Net iron area A, = 



4.44/ 4.44x50 



= 0.0658 Web 



B r 



0.0658 2 
— - 0.0506 m ions ) 

1.3 
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Ffae output equation for a 1 -phase transformer is: 
Q = 2.22/ B m K w aA w A i xlO" 3 

400 = 2.22 x 50 x 1 3 x 0.26 x (2.7 x 1 6 ) x A„ x 0.0506 x 1 0" 3 
.-.Window area A w =0.078 m 1 (cms) 



AT 



2.4x10 D (given) 



.'.Full load m ,m ./' A T — - 



<D. 



0.065S 



2.4x10" 



2.4x10" 



= 27500 A 7 {cms) 



(Core Design) *dM ,©^aa^ 
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: tr^* t J„^ 0' ts^° (Core-type)J' £>i <>> cJ^j^A\ i_Jii!! g_LL, J^ 
Qj£j, Ui^ (Stepped) g>-> J (Square) £jj* jl (Rectangular) UM** 

.dM^ L&i^ ( Shell-type} 

(Rectangular Core ) tfela&«»H yBfl *tj 

££$ja* liij (Core-type) d 1 £jh t> <y jj® oVja^J JUkwJl *__JSii ^all^ 



Depth 



j2-K4 >>" J >^ i«J jj^ 1 T jJ31i (width) o^^ tP 1 (deptl^LS-^ 11 ■ 

.^JLjIsSmM! (JSji ^J^ LJajl CjliLJl j j£j 

Ja_Mjj]l *.Jjj?J! o^J^ 0^ (Shell-type) J' £jJ i> (^-^ CjVj^-aii -w^L Lai 
.t_jS3i && j^ sjj. 3-2 [> Jj^- lj3 [jj^d (Central limb) 

(Square Core) ^^>ii ■■JSJi : UJl5 
j-jMs JUL* ^h. caliLil tjj-S i) jIjj Lalia. (njS^j^juj-ill ^LlUI j»ii: 







Ftg.(l) Square Core 

u' (1) J^ 1 l> <^=>lj . (Circumscribing Circle) v^' fcj"** -W^ i^fi^' 
< jull S3 li£ j <^jjLsj!I ijalLaSl SjLj j ijiuj La S-kjoijldl Siill <Jji= ^j SjL j (^jaj 

I aaj! 
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(Stepped Core) Fj-^I y&Ii : ij^ 



ru 



j »jii j-lSV1 tiiVj-a-»ll (Cjrciform) JiiJl ^.iL-aJI ^JaUl _,j i__J&l\ *ialj 




Fig(2) Cruciform Core 



Net hon area A t = Stacking factor (K, )x gross iron area (^ ) 

0.9x0.5d' 2 =0.45 d 2 
(Taking K t -0.9) 
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Ratio 



net core area 



0A5d' 



at 



■ea of circumscribing circle ,^_^ 2 -. 

4 



Ratio 



gross core area 



0.5d 



area of circumscribing circle (—d 2 ) 

4 



0.58 



: 0.64 



Stepped Gore Fig(2) 

;,yjV& l^Uta. /^oJ 4-ifea Sjjifa jlaal ^wOSL 






<dLi ^i j .3_OiiaJl r-cjli^JJ tjjilli-a CH^N <jrl' ^'-J JSAl! (^jf^Jl xilall ji 
(j^iJil ^Lajdl_i_i-i)l£j ,_=! ajb j AljLSj (j J a ill i_iJl£j ^ j9jll !i* ji alcljji I -lay j 

(jsL&all (j jj ^ _>*_jJI «Lj jlio i.,. 1 . . > j 11! aM± Jill jU.jV1 1— it J gl 1 -^ ij^j * "t' j 

(jJjJvil <_)JJisJI ?tJl^)Lii,!l £jjl Ai\"i^a OUjJUj -I '-S. *■..! jjc AlLaaJl I '<• il l BT-ZI ojLljlb 
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Square Core 



Fig(l) 



Gross area of core A gi =a ~(0.7/t/)" 

Where: 

a = side of the square 

d = diameter of circumscribing circle 



0.5 d " 



A gi ^ab +b{a-b) = 2ab ~h 

But a=dco$& 
b =d sin# 

:.Ag i =2d cos&xds'm0-d 2 sm 2 8 
= 2d 2 sm&cose-d 1 sia 2 6 
=d 2 sin29-d 2 sm 2 8 
= d 2 (sm20-sm 2 &) 



. I '■■ 



Q ^1 Ai.iiiSL 4jjU^l si& JiialioJ j 



de 



-rf 2 (2cos2^-2sin^cos6 l ) 
= i/ 2 (2cos 2^-sin2tf) 



il 



- 10 



11 



, 






d (2 cos 20 —sin 2#)- 

/-e.sin26 l -=2cos26 > 
or tan 20 - 2 

/. 2$=; tan -1 2 = 63.43' 



b« i" 



.-. e = 'M.rr 



j 



fl=</cos(31.72) = 0.85tf 
'/>=rfsin(31.72) = 0.53rf 

'. ^ =2d>-b 2 

' = 2 x 0,854 x B.53tf - (0.53)'V 2 
- 0.62a 2 

^ = f ? X A 8 ! = °:2- x 0.62^/ 2 - 0.56r/ 2 
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et core area 



Q,56d- 



area of circumscribing circle ,ft ,2, 

{— d ) 



Ratio 



Ast 



.gross care dmi 



0.62rf : 



area 0/ c ire urns crib ing circle ,n_ , 2 ^ 



= 0.71 



= 0,79 



li^i ^LijJl Ol 3 jfcJaUJ t_JS]| jU_ji Jjjj n\ Jlij 



'^ (Aj/ivwS Gd^. area- 
Sf^V)' ^fcss Qre af%A « 




(a) 2- Stepped a 



(c) 4-Stepped 
Fig.(3) Cross Section for Stepped Cores 

siUjj 1 J^l J^Ultil JiS^ qi [jS-sij ojjlilt 4^.L^a ^U i_JSil CiL*. _p ase. *%jj 
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Calculate the K..V.A output of a single phase, core-type 
transformer from the loll owing data: 



D 



2.8 



D -71 



0.7 



■•>\f 



(-^) 



-*W* 



9 



S-23A I m m , Kw =0,27 

f=5Q£fc , B m ^l.2web/m 2 

D = 0.4 

Q~2.22fB m K w SA^A t x\Xrl 
:-D =0Am 

.H w -2.8x0.4- 1.12m 
d =0.56x0.4 = 0.224m 
, a ' ; - : w w ~ D ~- d = °- 4 - 0-224 = 0. 1 76 m 
- , A yr . =H VJ xW w -1.12x0.176 = 0.197m" 2 

-^ 2 = -x (0.224) 2 = 0.0394m 2 
4 4 

^ =0.7x0.0394 = 0.0276m 2 

:.Q =2.22x50xl.2x0.27x(2.3xl0 6 ) 

x0.197x0.0276xl0~ 3 

Overall D i mensions A Vhen dealing with overall dimensions in 

"transformer problems, refer to the following details and 

diagrams. 

a = width of largest stamping, , 



d = diameter of circumscribing circle, 

D - distance between centers of adjacent limbs, 

W w = width of window, 

H w = height of window, = length of limb, 

H y = height of yoke, 

H = overall height of transformer over yokes or overall height 

of frame, 

W = length of yoke = overall length of frame. 

We have the following relations for single phase core type 

transformers (Fig 4) 




Fig.(4) Single phase core type transformer 



14 



15 



L 



Width over two limbs = D+ outer diameter of h.v. winding, 
Width over one limb = outer diameter of h.v. winding. We have, 
for a 3 phase core type transformers (Fig. 5) 
D=d+JV w ; D y =a;H =H W +2H r \W =2D +a 



W- 



^p- »»-+] ]*■"•[ 



r 



a* 




Width over three limbs 
Fig.(5) Three phase core type transformer 
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Width over 3 limbs = 2D + outer diameter of h.v, winding, Width 
over one limb = outer diameter of h.v. winding. 

For single phase shell type referring to Fig.(6): 
D y =b ,H y = a , W = 1W W + 4a , H = H w + la 
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Fig(6) Single phase shell type transformer 
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Calculation of Core Area 









./'.all d^Lu« jLiii 



MJ3 j 4i3 J£! a^JJ aJVaj ^SJt ^ ( ^ j ^iu^, j^j ^ mUs _ ^ 

4.44/ 
(JU^ll 4aL5£J A^li* a^A ^jk* dlj j ^jai ^i^, mL ^ <^ ^ j _^ 

i.e. Net core area, A. 



<J> 



B. 



and Gross core area, A . = — i- 
where/is^ is the stacking factor 

Ch oiceo f Flux Dens ity 



JM^I^jL;^ 



.sjai Sji _p. <a. jj ^ g-Ujji ^^j u. i j±£. qjLi t^M 
B m T,.ij i,^ i.Aon cos/ 4-,/ron loss t, 

mem torn 4-,Cw.Co5/ 1,0 1 
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A.- 






Ait- 



■O vv 



j ft,-lN 



^a . J^i Jatf-1 ovu „fe a^Utt-M JMi ^ m^ 11 ^ ! ^ J 
t -W'3Qft *— J jvw( distribution transformers)^ jjaifiVj=- 

saCS j £i uSi -u^ya- d^n a*£ j£ ^ w ^ v^ 1 J'> ^ .^^ 

(Hot Rolled Silicon Steel) 

1.1-1.35 weblm 1 fiO^^J^ 

1.25-1.45 wefc/m 2 »j*ttctfj»- 

.^V'6 jjSj ^J J« ^^ ^^ai ^ u^ (Cold Rolled Steel) 
B -155^- O^i 132K.V ^Ui^oii^'^il 

s - 1 6^ u^ 275 K.V *^ ^^ && ciVj^*B 

^ ^U 1 ^- Ji 400 K.V syrf ■%**=* *£»Vj«JI 



m 



Design of Windings 



(.sljdoll 



: aI5u.su ^tj ^jsiai j l9 sfcfl^i > jsi Jian A* 



T — _£_ J* = — — 

E. 



p v ' * E, 



i-e- T /y =^= an integer 
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V 



k.v 



b.v 



V 



~xT 



!.v 



l.v 



;,^py& {JjjIj^I j Ljr iUyyi o1j\jj /j-uj us 



',- 



K V A per phase x 1 3 



and I --- 1 , 






AiliSi *UJU* A. A & jLgaJ i*J ^131 j ^jl VLjS/| ^ J£ CjIAU jfUsjLo 4^Uu> jjjajj 

u^ g-liSj^fi -U^ CsULJb jbai dj'OS j_-j j > oUUl j^j «Ulii2J ijSxj (jM! jbffl 

jt£J1 4iiS£] <UL~. pj Cjjjlkl lil 4JI* dliLrJl ajlja. <a.ja j^SS j .sjlj^Jl ^jJ 

^^ tjMJj jUdi 4il3& u_u«U«ll jMSkVl j ,djlj*JI JL13J 4Jc g% U* ciliUL, 

fa )^5 CjJ p.a 

US 2f^j^ 2.3- 1 ^ i (,> Jjto ^a ,jjSj l.sj.id 50 *#J (^51 ill ^jj jll i»j$! 
* W i (self oil cooled) ^SiE ^40*1 xyjSfi etfj =_h41i bjaSH cj^j^ 
. 2fWja^ 3.2 ypJl 2.2t> Aja* ^ o^ jLjJ! <aas ju ( a ir blast) £ja-J! 
*=■" uj 53 J# ^^ t jU (forced oil) £jiull Ojjli J|j-j1» jo ^j^sJl ^S 131 U 

.2fVjy*i 6.2(^il 5,4 at" 



Cosudftioai of ammfflam copper loss 



dgwosJ&i 4gill£a JdldU 



Let: 

UfXf's =: volume of conductors in primary and secondary, 

U t = total volume of conductors = U +U = constant 

P * 

# jR loss in primary = p-5 2 U 

1 2 R loss in secondary = p3ftf. s = pS 2 (U, -U ) 

Total 7~J? loss , P £ - jp[^7 + df{U, -t/_)] 



dP„ 



For minimum loss du 



■0 ie.p[S 2 -S^0 



OR S p =S s 



JS ,J jliill 4H3S jj^i L*J^ IjJt J_^^»iJl jSaj "U^LiJ ^jsU^ t^ 1 0^ £* w^-J 

AjjLlaLi .Jji-ail (_5_jiiill j ^ji^JO^t jffl 



Window Snace Factor (^LamJI ^ J»Iskb) 

^iUu^ll ,_J liiLuiJlo paia^tH ■'j.Llj. <^J <Jb ( ^ ) ^SUill fA ji JUl^i ^-ij-sj 

i^j jljsjI <^^! (Empirical equations) 'M^ 1 o^jL*^1I pb^LJ j£-j j 

:(,^" )si»*ai !>U^ 



jjjlj V.4_i.«S 200-5 us^»j^ £■£ ££iVjpi«S -1 



JC- = 



10 



(30 + ^K) 

.llJjS jljSJb J\jJi L» i ali CjUU 2JJ.JI 4~4& ts A ( KV) u' ^V a - 



i^„, - 



12 



H ' (30 + KV) 



8 



jla J^ui,.^ ] 000 Jj-^ tr9 ej-^ 1 "^ ^Xj&*2 -2 , 



jU ?.«-i,*d 20 Jj-^ (j^ e^va— s:Jl CjVjP-ajl Lal'-3 



K — - 

* (30+ JSP) 

Example 4 

Determine the dimensions of a 200 KVA, 50 Hz ; single phase 
core type transformer. A ciruciform core is used with distance 
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. betwe en adjacent limbs equal to 1 .6 times the width of core 
||/ laminations. Assume ^ voltage per turn = 14 V, maximum flux 
density =1.1 web./m 2 , window space factor =0.32, and current 
density = 3 A/ mm 2 . The net iron area is 0.56 d 2 in a cruciform 
core where d is the diameter of circumscribing circle. Also the 
width of largest stamping is 0.85 d. 



Solution ( 

Voltage per turn E t - 4.44/0, 



:•. Net area of iron A. — — 



14 



4.44x50x1.1 



-.4MfB m A t 

■ 0,0573m 



But A { = Q,56d 2 (given) 
.-. d = JIPKS6 - v / OjO57370l56 "= 6,32m 
Width of largest stamping , a = 0.S5d (given) 
= 0,85 x 0.32 = 0.272/w 

Distance between core centers, [D = l.Sxa {given) 
J)= 1.6x0.272 = 0.435m L — ~ 

Width of window, W w = D ~d 

:.W w -0.435-0,32 = 0.115/?i 

The output equation for single- phase transformer is 

fi = 2.22/ B m K w SA w A i yilQ^ 

200 = 2.22 x 50 x i .1 x 032 x (3 x 1 fl ) x A w x 0.0573 x 10~/wmdow 

area, A w - 0.0298m 2 

A 
Height of window . H = — ®- = v - v " v . = q 26m 

W w 0.115 
Using the same stepped section for yoke as for core 
Depth of Yoke, D u = a = 0.272m * 

HeightofYoke, H v = 0.272m . 

Overall height of frame, 

H =H w +2H v =0.26 + 2x0.272 = 0.804m 






0.0298 



-22 



i XA-U 



p 

or 






^~%<c3 i 



==, \ ou^fv_ 



i},A8l\ 



Overall length of frame, 
W =D+a = 0.435 + 0.272* 



,0. 707/-2 



-Yvv 



9 



Calcul ate appro ximate dimensions for a 200 K.V.A'jg600/440 V, 
50 Hz,; 3-phase"core type transformer. The following data may be 
assumed : e.rnTf per turn = 10 V, maximum flux density = 1,3 
web./m , current density = 2.5 A/mm 2 , window space factor = 
0.3, overall height = overall width. Use a 3- stepped eece. 
[For a 3-stepped core : Width of largest stamping ==0.9d- ! and Net 
iron area = 0.6 dL where d is the "diameter "of circumscribing 
circle.] 



f\V 



Sojotion 

Net iron area A , 



10 



4.44x50x1.3 



— = 0.0347 m" 



;. ■ --\h 



^ ' 4.44/ B n 

r ' ' t\ 

But. ,4,- = 0.6^;: (given) 

Diameter of circumscribing circle d - y JA i /0.6 

.". % = V0.0347706 = 0.24 m 

Width of largest stamping , a = 0.9d (given) 

.*.a = 0.9xO.24 = O,216m 

Using a 3 -stepped sectio n for the Yoke 

HeightofYoke \H y = a)=02\6m 

Depth of Yoke \&^=aU 0.216 m 

The output equation for a 3-phase transformer is 

Q^33fB m K w 5A w A i x\Q-" 

200 = 3.33x50xl.3x0.3x(2.5xl0 6 )x^ w x 0.0347 xH 
.'. window area A w = 0.0355 m 2 
OR// w xW w = 0.0355 m 2 

A^v " " 

-23- 



A, 



> 1 7 



-3 



&■■ 



e,tV 



The given condition is, overall height --overall width 
OR H =W 

H = & w 4 20^ - H w f 2 x 0.2 1 6 - i? w + 0.432 

W ='2p+* = ' W iV + d) + a = ZV lll +2x0.24 + 0.216 

{hJ=ZW w +0.696 

As[ Hj~ff 

:.H„ +M 32 = 2?F t , +0 .696, 

OR /■/„, - W w + 0.264 

As H w kPT v -0.0355 

.'.<3T„ + 0.264}xJF w =0.0355 

OR 1W2 + 0^264^, - 0.0355 - ■ 

,". Width of window W w - 0.083 m 

And height of window // = f-^- — ) = 0.428/?' 

0.083 
Thus the dimensions of core are: 
Distance between adjacent core center D =W + d 
OR D as 0.083 + 0.24 = 0.323m 
Overall height H = H w 4- 2H y a 0.428 + 2 x 0.21 6 
OR H=QMm 

Overall width W = 2D + a - 2 x 0.323 + 0.2 1 6 
OR r -0.862?^ 

Determine the main dimensions of the core, the number of turns 

and the cross-section of the conductors for a 5 K.V.A, 1 1000/400 

V, 50 Hz, {single phase; core type distribution transformer. The net 

JSgd iigtor area in the window ig 0.6 times the.net cross-secti on of 

iron Jnjhe core , Assume fa square cross-sectionTforlhT core, a 



1 web./m , a current density = 1.4 
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A/mm 2 , staking factor = 0.9, and a window space factor - 0.2. 
The height of window is 3 times its width. 

Solutio n 

Given that: 

Net conductor area (A c ) = 0.6 x net imn area 

OR KJA w :=0.6(A i} " '■■ 

From the "above equation: 

,". Window area A,.. ={0.6 — '---, = -^—A, = 3A t 

- \ $rj o,2 

The output equation of a 1 -phase transfonner is: 

0-2.22/ B ni K w 3A w A l xlO- 3 

:. 5 = 2.22 x 50 x 1 x 0.2 x (1 „4 x I 5 ) x (3A , } x A , x I ff° 

OR Net iron area A k = 0,00732 m 7 

And Gross iron area A g < = 0.00732/ 0.9 = 0.00814 m 2 



For square cross section "•" A gi 

EL |M2!i4o J3 
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.a = . 



am 



0.5 V 0.5 
Using square cross-section for the core 
..-.. Width of core; a = J*7V s/ol)Oll4 = 0.09 m 

And Window area" ^~- 14, =3x 0.00732 = 0,02 196 m 

v Height of window // w - 3JT W 

;.J,, =0.02196 = ^ *F W =3^ xW w =3¥* 

:. Width of window r w - 0.086 m 

And Height of window H v »3 x 0.086 = 0.257 m 

The yoke has the same g ross area as the core; — -~r~~7~~~ 

;. Gross area of yoke//! „ =0.008 Urn *J 1 H^j — 

\ 



Depth of yoke (D =a}-G.Q9m 
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.'. Height of Yoke H y =_£.= MfiSil = 09 m 



Flux <t>„, = 5,,, x <4, - 1 x 0.00732 = 0.00732 wei 
£, - 4.44/ 0> m = 4.44 x 50 x 0.00732 - 1 .625 f 

Note; Thej ums of low YoItag ejfagjiLd- be calcuIatedJBreband that 
of high voltage afterwards by using the voltage ratio. 

V 400 wV; " ~V<r 

r. =L*. = — - = 246 
£. 1.625 



and 7\, - -?- x r 



Primarv current / . 



11000 
400 
5000 

11000 



x 246 = 6765 
= 0.455 A 



Area of primary conductors a = ™ = — 

p 5 1.4 

Oi? ^ = 0.325. mm^ 
Using circular conductors: 

.". Diameter of primary conductors = 

pa7 /4x 0.325 n ,_ 
,| — e-~.f_ - = 0.643 mm 
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Secondary current /„ - = 12.5 ,4 

1 400 

Area of secondary con. a - — = — '— 

S 1.4 
If circular conductors are used: 



I 
/ 



= 8.93 mm 



I 



/ 



Diameter of secondary conductors ; 



Aa. 



4x8.93 



= 3.37 mm 



n v n 

Or square cross-section of secondary conductors can be used 
with dimensions of 3 x 3 mm app. 
Overall dimensions of core are: 

D=W. v +a 
Distance bet. Core centers 

ar D =0.086 + 0,09 = 0.1 76 m 

Length of frame W = D + a = 0. 1 76 + 0.09 = 0.266 m 

Height of frame H = H w +2H y .= 0.257 + 2 x 0.09 = 0.437 m 

Example? •?"%"£ fa i% 5% 



^^ Calculate the main.'dimensions and windingdetails of a 100 
K.V.A , 2000/400 V,' 50 Hz, single-phase shell type, oil 
immersed, self cooled transformer having the following data: 

• Voltage per turn = 10 V 

• Maximum flux density in core =1.1 web./m 2 . 

• Current density = 2 A/mm 2 . 

• Window space factor = 0.33 



a< P 



Ratio of window height to window width = 3 



Xi 



J> 



<y 



Ratio of core depth to width of central 1 imb = 2.5. <c^~ 



• Staking factor = 0,9. 
Solution 

1 

Net iron area A ; -■ 



10 



4.44/ B m 4.44x50x1.1 

A< 0.041 „,._.._, 2 

Gross iron area A. - ~ J - = = 0.0455 m 

st K t 0.9 

h 

For Shell type: — = 2.5 (given ), A Ei =(2a)xb 

la t 

.-,2.5(23 f= 0.0455 



= 0.041m' 
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.«. Width of central limb(2a) = 0. 1 35 m zcv ' 
'And core depth (b) - 2.5 x (2a) = 2.5 x 0.135 = 0.3375 m 
The yoke carries half of the flux in the c entralJ Jmb. 
Assuming the same flux density in the core as in the limb, the 
area of yoke is equallthe area of central limb. 

0.135 



. Width of side umbra 



0.0675 m 



And 



= 3 



2 
The output equation of 1 -ph. transformer is: 

Q~Z&fB m K w 8A l A m xW* 

1 00 = 2.22 x 50x1. 1 x 0.33 x(2xl0 5 )x 0.041 xA w xlO" 

;.A W = 0.0303 m 2 

We have A w - H w xW w 

Em 

iWj^ 0.0303 

Or :.W W -0.1m 

and H w = 'W w =3x0.1= 0.3 m 

Overall height of frame 

H = H w +2H y =0.3 + 2x 0.0674 = 0.435 m 

Overall length of frame 

W = W w + 4a = 2x0,l + 4x 0.0674 = 0.47m 

Overall depth of frame b -0.3375m 

Windings 

T p =2000/10 = 200 turns 

T s = 400/10 = 40 rums 

f?VlOOxl0 3 /2000 = 50/f 



& 



a =50/2 = 25 mm 1 ,{I S \= L00x 10 J /400 = 250,4 



9~ 



a =250/2 = 125 mm ■ 
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Unsolved Problems 



© A 3 -phase, 50 Hz, oil cooled core type transformer has the 
following dimensions: 

• Distance between core centers = 0.2 m 

• Height of window = 0.24 m s : ; 

• Diameter of circumscribing circle = 0.14 ftt 

• Maximum flux density in the core = 1 .25 web./m 

• Current density in the conductors = 2.5 A/mm' . 

• Window space factor = 0.2. 



* E Core area factor = 0.56 
Estimate the K.V. A rating if the core is 2 -stepped. 
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© Determine the dimensions for core and yoke for a 5 KVA, 50 
Hz, single phase core type transformer. A rectangular core is 
used withdong'sjde twice"tHaT oTshort side) The window height is 
3 times the width. Voltage per turn is 1.8 V, space factor = 0.2, 
current density = 1.8 A/mm 3 , maximum flux density in the core, 
= 1 web./m 2 and staking factor is 0.9. srtYedbA*3 v\W 1 a ■ 
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„© Estimate the main. dimensions, the number of turns and cross- 
' sectional area of 'conductors in the primary and secondary 

windings of a 3 -phase delta/star core type transformer rated at 

300 KVA, 6600/440 V,50-Hz.---^ 

A suitable core with three steps having a circumscribing circle of 

0.25 diameter and a leg- spacing of 0.4 m is available. The e.m.f. 

per turn is \ 
JL8.5 V. Assume a current density of 2.5 A/mm , window space 
factor of 0.28, and a staking factor of 0.9. egas^- QT 




© Determine the dimension of the core, the number of turns and 
the cross -sectional area of conductors in the primary and 



^^\ 
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secondary windings of a 1 00 KVA, 2200/480 V single-phase 
core type transformer to operate at a frequency of 50 Hz, 

a ssurning Jhe. folio wing_data: 

^-^--'Ap proximate volta ge per turn - 7,5.^ 

* Maximum flux density in the core = 1 .2 web./m 2 -^-,, _ 
Ratio of effective cross- sectional area of core toiquare&X 



W 



\ dmrnet er of circumscri bing circle = 0.6 

» Ratio of height to width of window = 2 
^^To" * Window space factor = 0.28 
v, * V -P** * c urrent density = 2,5 A/mm 2 
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kC 



, M Calculate the dimensions of the core, the number of turns and 
' i 7 cross-sections of conductors for a 100 KVA, 2300/400 V, 50Hz, 
\JH single -phase shell ^ype transfo rmer, assuming: ratio of magnetic 
and electric loadings (i.e. flux and secondary m.m.f at full - load) 
= 48xf0^ 7 , maximum flux density = 1.1 web./m 2 , current 
density = 2,2 A/mm 2 , window space factor = 03, ratio of depjh 
of staked core to width of central limb = 2.6, ratio of height to 
width of window = 2.5, and staking factor = 0.9 
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